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ativistically invariant, and can be effected by nonlocal actions (305). 
Hughes offers no specification as to the circumstances under which quan- 
tum events occur: but in the absence of such a specification, quantum 
mechanics may be applied in incompatible ways to the same physical situ- 
ation, depending on whether a system is treated quantum mechanically or 
as a C-system. Moreover, there are measurements (“of the second kind”) 
that do not conform to Ltiders’s rule: do these count as quantum events, 
and if not why not? Hughes may hope that some future theory will solve 
such problems by providing the missing (nonlocal, noninvariant!) specifi- 
cation; but until it does, he cannot claim to have given a satisfactory in- 
terpretation of quantum mechanics. If, on the other hand, a future theory 
will simply dismiss these problems as ill posed then no interpretation will 
be forthcoming along the lines Hughes has proposed. 


RICHARD HEALEY 
University of Arizona 


The Philosophical Review, Vol. 101, No. 3 (July 1992) 


WORLD ENOUGH AND SPACE-TIME: ABSOLUTE VERSUS RELA- 
TIONAL THEORIES OF SPACE AND TIME. By JOHN EaRMAN. Cam- 
bridge, MIT Press, 1989. Pp. xiv, 233. 


This learned and subtle book turns about two distinct though related 
questions: (i) Must a satisfactory physico-mathematical account of the phe- 
nomena of motion involve absolute kinematic quantities? and (ii) Must the 
physical relations between bodies or events be conceived in terms of irre- 
ducible geometrical relations between the points in space or spacetime 
where such bodies or events are located? 

The answer to (i) is essentially positive (chapters 2—5). No successful 
physical theory has ever made allowance for absolute velocity, but absolute 
acceleration and rotation are central to classical mechanics, and—suitably 
redefined as geometric objects on a 4-manifold—they are inerradicable 
from both special and general relativity. Barbour and Bertotti have re- 
cently sought to develop a strictly relationist surrogate for classical me- 
chanics, but hitherto, as Earman notes (93), they have succeeded only in 
one spatial dimension, where they avoid rotation, the nemesis of relation- 
ism. On the other hand, “it is difficult to find a space-time structure that 
is recognizably relativistic and that fails to make the existence of rotation 
an absolute” (102). 

Through the first three chapters (6—8) devoted to (ii), it looks as if this 
question also ought to be answered positively. Neither Leibniz’s invocation 
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of the Principles of Sufficient Reason and the Identity of Indiscernibles 
against Clarke, nor recent relationist “maneuvers” by Sklar, Friedman, and 
Mundy, are found persuasive. Neither is Kant’s proof of absolute space 
from the existence of incongruent counterparts, but in his detailed discus- 
sion of it (chapter 7) Earman has more to say for it than most twentieth- 
century writers who have dealt with it. 

But then, in the two final chapters of the book, a sudden twist turns the 
tables on spacetime absolutism. It will come as a surprise to readers unac- 
quainted with Earman and Norton’s “The Hole Story” (1987) and the 
ensuing debate. At issue is the compatibility of determinism, in the context 
of general relativity, with the reality of spacetime points. Now, if deter- 
minism is untenable, it should be so as a matter of empirical fact, not 
because of the categorial framework adopted for the description and ex- 
planation of experience. 

I shall explain Earman’s argument with an example not in his book. Let 
(M, g, T) be a model of general relativity with the following features: the 
energy tensor T vanishes everywhere on the manifold M; the spacetime 
metric g is static, and invariant under rotations that map a thin timelike 
“worldtube” onto itself. Such a model was discovered by Schwarzschild in 
1916 and is central to relativistic celestial mechanics. ‘The model demon- 
strably has a singularity along the axis of rotational symmetry. It admits a 
universal time function. Suppose now that f is a differentiable transfor- 
mation of M (a diffeomorphism of M onto itself) that agrees with the 
identity until a certain time ¢, but thereafter deviates arbitrarily from it. 
Let g, and T; stand for the “drag-along” of the metric and the energy 
tensor by the transformation f. Obviously T; = T. But gr will generally 
differ from g after t). Consider a timelike geodesic A in (M, g, T), at some 
distance from the axis of rotational symmetry. \ spirals around the axis 
mimicking the trajectory of a Keplerian planet with precessing periastron. 
f(\), the image of \ under f, is then a timelike geodesic of the metric g, that 
coincides with \ until ¢g but thereafter deviates from it. Hence, if \ agrees 
well with the hitherto observed motion of Mercury and fp is, say, the year 
3000, the spacetime location of Mercury at noon GMT, January 1, 3001, 
cannot be predicted on the basis of astronomical data and general rela- 
tivity, for it may just as well lie on A or on f(A), where f is any diffeomor- 
phism satisfying the above requirements. 

For the working scientist, there is no problem here. For should we 
happen to live in (M, gy, T) instead of (M, g, T), the metric gp would govern 
not just Mercury’s worldline but also the photons that disclose it to us and 
the march of the clocks by which we time it. Thus, even if in some tran- 
scendent meaning of ‘sameness’ the spacetime location of Mercury at any 
time after 3000 A.D. would not be the same in (M, gy, T) and in (M, g, T), 
every prediction concerning Mercury made before that time would there- 
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after be verified equally well, whether we live in one of these models of 
general relativity or in the other. So the difference between them would 
make no difference, and thus would not e one in an ordinary sense. 

Relativists, from Einstein on, have always known this. But scientific re- 
alists are only now awakening to its implications. To ground a gauge the- 
ory, such as general relativity, on a discrete system of interacting bodies is 
well-nigh impossible. (Earman explains why in chapter 8.) Our example 
shows that it also will not do to naively assume the reality of an aggregate 
of spacetime points structured—and individuated—by a differentiable at- 
las. Earman suggests in the conclusion that a successful natural philosophy 
will not conceive spacetime as a relational system abstracted from material 
substances, nor as a substance in its own right, but under a wholly new 
category. I sense that Newton was groping after just this sort of radical 
conceptual innovation in the manuscript De Gravitatione (from which Ear- 
man repeatedly quotes). 

John Earman is prominent among philosophers of science who believe 
that mathematical structures in physics are not just an aid to calculation or 
a device—a so-called “language”—for encoding and conveying informa- 
tion, but are resorted to as a means of understanding. Consistently with 
this view, he greets us (in chapter 2) with a virtuoso display of six species 
of structure of increasing strength, on which he bases his discussion of 
absolute motion in pre-relativistic physics. When general relativity holds 
the stage in the second half of the book, the mathematical thicket gets 
denser. However, nothing seriously difficult is involved, and readers 
of Friedman’s Foundations of Space-Time Theories (Princeton: Princeton 
University Press, 1983) should have no trouble in following the present 
book. 


ROBERTO [TORRETTI 
Universidad de Puerto Rico 


The Philosophical Review, Vol. 101, No. 3 (July 1992) 


RECONSTRUCTING THE PAST: PARSIMONY, EVOLUTION, AND IN- 
FERENCE. By E.uiorr SoBer. Cambridge, MIT Press, 1989. Pp. xiii, 
265. 


This is a book about cladistic parsimony inferences—what they assume 
about the world, how we make them, and how statistical tools like likeli- 
hood can be used to justify them. It is secondarily a book about evolution 
and phylogeny reconstruction. Sober’s ambition is to clarify problems of 
phylogenetic inference and to work toward a deeper understanding of the 
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